MANY theories have been postulated to account for 'congenital megacolon' since the classical description by Hirschsprung in 1888. At first the dilated bowel of the megacolon attracted most of the attention but later most features of the disease were attributed to the absence of ganglion cells in an undilated segment of distal bowel. More recently, however, morphological and physiological observations have suggested that the cause is a more complex abnormality of innervation which involves not only the ganglion cells but also the distribution of adrenergic and cholinergic nerves within the bowel wall. Variations in this abnormal innervation may account for differences in the clinical progress and presentation of patients with Hirschsprung's disease. Morphology Osler (1893) was probably the first to suggest that 'congenital megacolon' was caused by a defect in the innervation of the colon which resulted in a failure of normal evacuation. Three early reports of histological abnormalities in the Auerbach plexus of bowel distal to the megacolon (Tittel, 1901; Dalla Valle, 1920; Cameron, 1928) were mostly ignored, although all three suggested that the observations might indicate that there was a segment of bowel incapable of normal peristalsis.
A constant histological abnormality in Hirschsprung's disease was defined later in three papers which reported an absence of ganglion cells in variable lengths of rectum and colon, the aganglionosis always beginning in the lower part of the rectum and extending proximally (Whitehouse & Kernohan, 1948; Zuelzer & Wilson, 1948; Bodian, Stephens & Ward, 1949) . Large nerve trunks were found between the longitudinal and circular muscle (Figs. 1 and 2).
Early histochemical studies of aganglionic bowel showed that the large nerve trunks were strongly positive for acetylcholinesterase (AChE) and they were therefore regarded as cholinergic or parasympathetic nerves (Kamijo, Hiatt & Koelle, 1953; Adams, Marples & Trounce, 1960) . Further work 1·48.1.1. iit.jjtl;iil!;ii:i.je!!ii.j...!iiiiii'c: demonstrated AChE-positive nerves within the circular muscle (Niemi, Kouvalainen & Hjelt, 1961; Meier-Ruge, 1968) and this suggested that the aganglionic bowel might be innervated by cholinergic fibres.
cholinesterase (Garrett, Howard & Nixon, 1969) whilst adrenergic nerves have been identified by a catecholamine fluorescence technique (Bennett, Garrett & Howard, 1968; .
Electron microscopy has been used to determine the normality or otherwise of the constituent axons of nerves revealed by histochemistry and to determine the presence or absence of neuro-effector or innervation sites within the muscle layers (Howard & Garrett, 1970) . If nerves within the muscle layers have a functional role then neuro-effector sites should be readily identifiable.
In normal colon and rectum the circular muscle contains moderatenumbers of AChE-positive nerves, whilst the longitudinal muscle contains rather fewer (Fig. 3) . The ganglia of the intermyenteric zone contain acetylcholinesterase but there is considerable variation in the staining of individual neurones.
In contrast, the greater proportion of fluorescent adrenergic nerves in normal bowel are found in close association with ganglia ( Fig. 4) berg, 1964; Jacobowitz, 1965; Baumgarten, 1967 Histochemical examination of bowel resected from patients with Hirschsprung's disease shows that in contrast to normal bowel there is a variation in the distribution of AChE-positive nerves at different levels of each specimen. There is also a variation in the numbers of nerves between different cases. Thus, the circular muscle of the distal rectum tends to contain more AChE-positive nerves than normal rectum at the same level (Fig. 6 ). Ascending the bowel these nerves gradually diminish in number until the most proximal aganglionic tissue contains fewer than normal. In addition, the zone above the aganglionic bowel where ganglia first appear, also contains fewer muscular nerves than normal (Fig. 8 ). These observations confirm earlier work on the acetylcholinesterase content of Hirschsprung bowel by Kamijo et al. (1953) . These authors used a manometric method of estimation and reported that there (Crema, 1971) and provide further confirmation of the pattern of cholinergic nerve distribution revealed by histochemistry.
The normal arrangement of adrenergic nerves is not possible in aganglionic bowel. Instead, the nerves are distributed through both muscle layers (Fig. 7) . As with the AChE-positive nerves, the largest number of adrenergic fibres is found in the distal rectum and these numbers gradually decrease in a cephalad direction (Alvarez, 1922; Hunter, 1924) (Lawson & Nixon, 1967) (Fig. 10) , or with larger balloons mounted in tandem (Schnaufer et al., 1967 sphincter pressure would more than compensate for the relaxation of the internal sphincter.
Recordings taken from the aganglionic segments of rectum and anal canals of patients with Hirschsprung's disease differed markedly from the normal controls (Fig. 12) . Whereas normal rectum adapted to a distending volume of air, aganglionic bowel produced a more sustained rise of intraluminal pressure which was modified to some extent by contractions which varied in duration and strength. Further, recordings from the anal canal revealed a complete absence of reflex inhibition in the internal Hirschsprung's disease in an infant of 5 weeks. Rectal distension has no effect on the muscle activity of the internal sphincter.
sphincter. Rhythmical contractions of this muscle were rather more prominent than in normal controls and were not reduced by rectal distension. No differences were detected in the responses of the external anal sphincter. In summary, there are three abnormalities of muscle activity in aganglionic bowel which can be recorded with intraluminal balloon techniques.
(1) There is an absence of co-ordinated peristalsis.
(2) Unco-ordinated contractions of variable strength and duration replace normal motility.
(3) Inhibitory reflexes between rectum and internal anal sphincter are absent.
Discussion
In normal bowel the motility of the hind-gut is controlled by the cholinergic parasympathetic nerves of the sacral outflow and the adrenergic nerves of the lumbar sympathetic system. The (Ehrenpreis, 1946; Bodian et al., 1949) .
The demonstration of fewer muscular nerves than normal in the ganglionic bowel adjacent to the aganglionic segment may be a further factor in Hirschsprung's disease. The sparse distribution of cholinergic nerves in this area suggests that it may be a zone of reduced motor activity the effect of which would be to accentuate any obstruction caused by unco-ordinated motor activity in more distal bowel. depended on the increased adrenergic innervation of the muscularis mucosae. The clear identification of ganglia with rapid non-specific esterase staining techniques has also been reported ). An alternative technique for the preliminary diagnosis of congenital aganglionosis has been developed from the physiological studies. It has been shown that in the investigation of bowel dysfunction rectal biopsy can be restricted to patients in whom there is an absence of the normal recto-anal inhibitory reflex (Howard & Nixon, 1968; Tobon et al., 1968) as this reflex is present in patients presenting with constipation from other causes.
